and six polymorphic cpSSR markers in P. delavayi and test their applicability to P. ludlowii . These microsatellite loci will facilitate the studies of genetic diversity, population genetic structure, phytogeographical patterns, and sustainable conservation for P. delavayi and P. ludlowii .
METHODS AND RESULTS
Leaves of P. delavayi were collected in Shangri-La County , Yunnan Province, China (Appendix 1). Genomic DNA was extracted and purifi ed from silica gel -dried leaves of a single individual of P. delavayi using the Plant Genomic DNA Extraction and Purifi cation Kit (Tiangen Biotech, Beijing, China) . A microsatellite-enriched library was constructed to obtain nSSR regions following Glenn and Schable (2005) with minor modifi cations ( Wang et al., 2009 ) . Briefl y, genomic DNA was digested by Rsa I (New England BioLabs, Ipswich, Massachusetts, USA) and a mixture of 5 ′ -biotinylated probes containing (AG) 12 , (AT) 12 , (CG) 12 , (GT) 12 , (ACG) 12 , (ACT) 12 , (CCA) 8 , (AACT) 8 , (AAGT) 8 , and (AGAT) 8 were further used for target fragment enrichment. Enriched-repeat libraries were cloned using the pGEM-T Easy Vector (Promega, Madison, Wisconsin, USA) and transformed into Top 10 competent E. coli cells (TransGen Biotech, Beijing, China). Four hundred and eighty-four positive clones were screened by PCR amplifi cations using SP6 and T7 and fi nally 126 positive clones ( > 200 bp) were selected and sequenced on an ABI 3730xl DNA analyzer (Applied Biosystems, Foster City, California, USA). After exclusion of redundant or unsuitable sequence for designing primers, 29 unique sequences containing 31 nSSR loci were identifi ed. In addition, the cpSSR markers for P. delavayi were developed by searching through the complete chloroplast genome sequence (Shiliang Zhou, unpublished ) of P. suffruticosa using SSR Hunter version 1.3 (Qian Li, Nanjing Agricultural University, Nanjing, China). Finally, 10 cpSSR loci containing (AT)n and (TC)n were identifi ed.
Nuclear and chloroplast microsatellite PCR primers for P. delavayi were designed using Primer Premier version 5.0 (Premier Biosoft International, Palo Alto, California, USA) and Oligo version 6.71 (Molecular Biology Insights, Cascade, Colorado, USA) under the following criteria: (1) guanine-cytosine content 30 -60%; (2) • Premise of the study: Microsatellite primers were developed for Paeonia delavayi and P. ludlowii (Paeoniaceae) to study their population genetics and phytogeography.
• Methods and Results: Nine polymorphic nuclear microsatellite loci were isolated from an enriched library of P. delavayi and primers were designed. The number of alleles per locus ranged from two to 16; the observed and expected heterozygosities ranged from 0.014 to 0.687 and 0.042 to 0.875, respectively. Six polymorphic chloroplast microsatellite loci were identifi ed in P. delavayi and primers were provided. The number of alleles per locus ranged from two to six and the polymorphic information content ranged from 0.08 to 0.716. Both nuclear and chloroplast primers were successfully applicable to P. ludlowii .
• Conclusions: The markers developed here will facilitate analyses of genetic diversity, population genetic structure, phytogeographical patterns, and conservation for P. delavayi and P. ludlowii .
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number of alleles per locus ( N a ) and the number of genotypes per locus ( N g ) ranged from two to 16 and from two to 24, respectively. The observed ( H o ) and expected heterozygosities ( H e ) ranged from 0.014 to 0.687 and from 0.042 to 0.875, respectively. The major allele frequency ( MAF ) and the polymorphic information content ( PIC ) ranged from 0.254 to 0.979 and from 0.041 to 0.865, respectively. Signifi cant departures from HWE ( P < 0.05) were detected at six loci ( Table 2 ) and signifi cant heterozygote defi cits ( P < 0.01) were detected at four loci (Pdel03, Pdel04, Pdel07, and Pdel12), likely due to distantly related samples used in this study and few variations within populations. Linkage disequilibrium was detected among pairs of Pdel01, Pdel02, and Pdel04 loci ( P < 0.05). For six polymorphic cpSSRs, N a ranged from two to six and the unbiased haploid diversity per locus ( H ) ranged from 0.087 to 0.791. MAF and PIC ranged from 0.304 to 0.957 and from 0.08 to 0.716, respectively. All six polymorphic loci are located in the intergenic spacers ( Table 1 ) in which the mutations are usually neutral. All the primers developed for P. delavayi were able to successfully amplify nuclear and chloroplast microsatellite markers in four P. ludlowii samples from two populations in Tibet, China. The authenticity of these amplifi ed loci was confi rmed by sequencing representative PCR products of P. ludlowii , and these sequences have been deposited in GenBank (see Table 1 for accession numbers). The expected loci of P. ludlowii were found to be homologous to those of P. delavayi .
CONCLUSIONS
Moderate levels of genetic diversity of P. delavayi based on both nuclear and chloroplast microsatellite loci suggest that the newly developed nine polymorphic nuclear and six polymorphic length; (4) amplicon size 150 -500 bp in length; and (5) few hairpins, false primings, or cross dimers. For nSSR markers, PCRs were carried out in 10 μ L reaction volume containing ~20 ng genomic DNA, 2.5 μ M of each primer, 2.0 mM dNTPs, 0.5 U Taq polymerase (Yuanchen, Beijing, China), and 1 × PCR buffer (Yuanchen). PCRs were programmed as 3-min initial denaturation at 94 ° C, 30 cycles of 30 s at 94 ° C, 30 s at 48 -56 ° C ( Table 1 ) , 45 s at 72 ° C, and a fi nal extension of 72 ° C for 10 min. PCR products were resolved on 6% polyacrylamide denaturing gels and visualized by silver staining. Amplifi ed fragments were sized and genotyped manually. Fifteen (48.4%) of 31 primer pairs showed good amplifi cations. The authenticity of the bands amplifi ed from P. delavayi was confi rmed by isolating them from agarose gels, subcloning, and sequencing eight clones per band.
For cpSSR markers, PCR amplifi cations were the same as for nSSR markers with the modifi cation that the forward primers were 5 ′ -FAM-labeled. PCRs were programmed as 3-min initial denaturation at 94 ° C, 25 cycles of 30 s at 94 ° C, 30 s at 48 -54 ° C ( Table 1 ) , 1 min at 72 ° C, and a fi nal extension of 72 ° C for 10 min. PCR products were resolved on an ABI 3730xl DNA analyzer with GeneScan-500 LIZ Size Standard (Applied Biosystems). Alleles were identifi ed using GeneMapper version 4.0 (Applied Biosystems) and confi rmed manually. The authenticity of the loci amplifi ed in P. delavayi was confi rmed by sequencing the representative PCR products.
Seventy-six P. delavayi individuals from 13 populations were used to characterize nSSR loci, and 23 representatives were used to characterize cpSSR loci (Appendix 1). Polymorphism parameters were calculated with PowerMarker version 3.25 ( Liu and Muse, 2005 ) , GENETIX version 4.05 ( Belkhir et al., 2004 ) , or GenAlEx version 6.1 ( Peakall and Smouse, 2006 ) . Tests for HardyWeinberg equilibrium (HWE) and linkage disequilibrium of nSSRs were performed using Genepop version 4.0 ( Rousset, 2008 ) .
Nine of the 15 nSSR loci and six of the 10 cpSSR loci were polymorphic with a moderate level of polymorphism ( Table 2 ) . For nine polymorphic nSSRs, the T able 1. Characteristics of nine polymorphic nuclear and six polymorphic chloroplast microsatellite loci in Paeonia delavayi shown with the GenBank accession numbers of the sequences on which the primers are based for P. delavayi or verifi ed for P. ludlowii .
chloroplast microsatellite markers are suitable for studies of genetic diversity, population genetic structure, phytogeographical patterns, and conservation biology. In addition, the primers designed for amplifying the loci of P. delavayi were applicable to P. ludlowii .
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* Deviation from Hardy-Weinberg equilibrium: P < 0.05.
